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Abstra ct
Based on a lot of ac curate r adia nc edata, par am eteriz ed rrLOdel for calcd ating o utgolng radian c eis
dev eloped. Inthe m odel, the o utgoingrad1 an Ceis an alydcallye叩reSS ed in ter m s ofatm ospheric scattering
phasefun ctio n. s u rfa ce r efl cta n ce, atm ospheric optical depth･ single sc atter al bedo, a symm etryfa ctor a nd
c osin e ofs olar ze nith angle. In the c o ndition Ofa eros oloptic al depth 1ess than u nity. the s olar ze nith angle
of<72.50 a nd viewing a ngle of<6 5
O
. the standard deviatio n of394 40s ets ofradiaJIC e Ca Culated bythe
para m eterized m odela ndthe Ga us-SeidelitratlVe m ethod is 4･2% ･
1. ImtrodllCtio n
Åtm ospheric corre ctio nis ofgre atimporta n cefor s o m e applic atio ns ofqu a ntitativ elyremote s ensng
from space
II-3]
. Tw okey poiIltS Ofatm osphere correctio n are relativ e sc attedng prope吋 of the atm o sphere
a nd avai1able algori thm f♭r calculatlng O utgOlng radiance ･ A simplebutexa ctpar am eteriztion m odel for
the r adla n Ce Calc ulatio n w otlld be v erytu e血l･ Based on alot ofaccIJra土e r adian cedata and the radian ce
prope r軌 bytlSingleastsqn are m ethod allde mpiricalfitting m ethod､ this paperdev elops apar a m eterized
m odelofot[tgolngradiarlC eisde veloped.
2. P ar a m eti2 edtlpW ard radianc em odel
underthe ass urrlpt10 n Ofn other m alradiation a ndthe plan e･parallelatm osphere,
-radlationtr an sfer
equ atio nis
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whereI(て,LL,q) is radlanCe. Tis optical depth, トis c osin e ofze nitha ngle, 甲is azim l血 angle, q,ois s olar
azim llth angle, 脚 IS c osin e ofs olar zenitll a ngle, ojOIS atm ospheric albedo, P is unifor m ed atm ospheric
s cattering phasefun cdo n, a nd F is e xtraterrestnals olar radia Ⅱtintensity･ In this paper p s atisfiesthe
follo w lngCo nditio n:
誌p(c os@)dc o sO - 1･ (2,
Pro cessin para m eterizingupw ardskyradia n ceis divi dedintotw o step5L The 五rststep o nlyc on siders
the c ondito n when surface ren cta n ceis z ero. And. the se 00ndstepc o nsideredtheincre aslng OftlPW ard
ー 17 1-
skyr adian ce ca us ed bysu rfa ce ren ction･ Atthepoilt､抽ere single scatteredradian ceis moreintensiv e,
the c ontri bution of mdtiple s catteringShotlld belarger. T his. Wherl Su rfa ce ren ctan ceA is zero, th ispaper
s electspar a m eteriza血 n m odelofo utgoing upw aJ,askyradia nce asfollo w s:
I(”,¢)≡ I8(FL,¢)＋Im(FL,Q)
- I
s(FL,Q)＋[1＋ XII.y(FL,の】X3X,X,,
(3)
h eqtlaLtio n(3),Is(山)a71d 17n(”.¢)are single sc attereda nd m ultiple scatteredr adian ce. r espectively;Xl, X2,
X3a nd i
'
4 a r epar am eterstObedete ru 1in ed. W Ile nPhasefun ctio ndoesnotcha nge with height,i･ e. ,fo r
ho m oge n ou s aLtm OSPhere. IB(LAヰ)c anbe expressed as:
I
s(FL,¢)= 地
FL ＋FLD [1- exp(-三-i]･ (4,
Whe n sn rbc e rene cta皿C eis zer o
.
I(Lt.4,)ptlStSatis昏thefblowingrelatio nship二
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w here. F(T(A==O)is e xterr estrialupw ardradiatiollLluェ TVhellA- 0.
CoTnbini皿g eqtlatlO n S(3)and(4). aJlds upposiJIB-r:= .r3=1. itis JIOtd qlCult todedlJC ethatXl a nd Xl_
s∈山車 thefollowingrelatio ns:
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Whefe･ F,”is e･de r r e strialupw ardsirLgle sc atteredradiatio nthx.
Now 1
'
1is determin ed e mplnC ally o ntheba sis ofa n<1l)rz l ng the depende n ce oftlPW ard radianceto
atm osphericpar a m eters again azldagain = r2isdedtlCedusingequ atio n(5). The n, X,_ arLd X, aredetermin ed
b)r c o nbiminBleast sqtlare m ethod and e mpiricalfitting m ethod･ Atlast･ the in cre ase oftlPW ard sky
radia n ceAIA(LL･＋)caused bys urfa ce r eflcta nc eisdetermin ed. T hefLn alpara m eteriz atio n model is:
I(p･¢)- Is(FI,少)十【1･ XJ,-(FL,Q)]x,XユX4 十AI.4(FL,Q). (7)_
in which.
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_In abov e equ atio ns, A is s urfac er 曲 ctan c e, てtis tot
aloptical depth- て5is sc attering OPticaldepth,
α = c o s(4,),β王 sL
'
n(*),gois a町 m metryfactor, 礼(A)upward flu x ats urfac e refl ctan ce and atm ospherictop,
Fd.i(A)is do wn w ard flu x o nthe gr ou nd. pbis s cattering Phasefun ct10 n at 180
o
l
Fu(A) and Fd^ A) ar e
c左IculatedllSing a Ⅱ10difled 8- EddlngtOn approxim atio nprese nted byQiu
[4]
･
2. Nu m e ric al Te stRe sult
Six aero solor clotldphasefun ctio ns are u sed in n u m ericalexperiments･ SelectedLJunge size
distribt[tio11isgiv eTlby:
”(r)
c(r/o.1)
小
■
＋ り jor r >0.1/皿 ;
C
,
for r≦0.1p n.
v
'
-2. 3 and 4 are selected. andthe c orrespondingdistributiol一is m arked asJ2, J3 a nd J4･ Anothertw o
a er osolsizedlStributio n s ar e c ontine tand marin eha ze m odels pr esented by D ieT m e ndjian
[5】
.
ma,Bed as
D Land D M. r espe ctiv ely･ Fair W eatherCu m t'lus(F W C)m odelprese nted byfras en
[67is also adopted･
Fig.I com paLr e Sthe para m eteriz ed radia n ce with the radia n ce c alc ulated by GatlSS-Seidel iteratlV e
m ethodr
7】for 恥 朝 .5 a nd てFO.i. For thre ecasesofq'
=Oo
.
90C and 1800 . agre e m e ntbetw ee nthe mis v ery
go od.
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Figure1 Co mparis on ofradiance calct)1atedbythepara m eterized m odel wi th
the o n ebv Gau ss-Seidel iterativ e m ethod forLkl-0.5a ndてt=0.1
Defin eper ce ntStandard deviation ofparam eterizedradian ceI(LL,A) asBollo w s:
講 読妄言吉如-岩急]
2
% , (3S,
whereIG ･S(”,＋)is radia n ce calcnlated byGauss-Seideliterativem eth叶 Npo , NT, No a nd Np BLr e numbers
selectedfors olar zemith angle(or 恥)､ Optic aldepthて‥ a Zim llth a ngle4) andトLI N¢= 19,4)istake nin the
r ange of 0-180
o
andwitha step oflo
o
.
In thlSpaper 120stream s o n”(GalユSSintegraLtio n)istake n, a nd3 4
valu es ofLLin the ra nge fr o mlto 0.43 2(ze nith a ngle challgeSfr o m0
0
to65
O
) are 1,Bed in calcda:ting
sta ndard de vlation cy(Np- 3 4)･ N pn
=4
, 枇 戸l･0, 0 ･8, 0･5 andO･3(s olar ze mth angle cha ngesfro mOO to
72.50).
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Figtlr e2 Sta ndard deviatio n s ofparam eteriz edradlan Cefor six a eros olor cloud
SizedistriblltlOn S a nd 皿 OlectllarphasefunctlOn(Zn aZ
Lked Mol)
Fig.2 sho w s standard deviatiol一. Cf. Of7888sets ofpa ra m etedzedr adian c ein the c o nditio n of仙
- 0.3
,
0･5, 仇8a nd l･0. てt= 0･1･ 0 3･ 0･5 and l･0･ Np
-3ヰ･ a nd Nd= 1 91 Assho w nin Fig･1･forFW Cclo ud m odel, ヴis
8.6 % and5.4 % for A =O and 0.1. r e spectively, beizlgthe largest am o ng s ev en m odels. For m olec ular
m odel,thestandard deviatio nisthe s m allest. ForrlVe aeros olsizedistrib 血o n s. 山Ie Standard deviatio nsfor
A- 0 and 0.1a r eal1 lessthan 5.9 %a nd3.7%, r espectiv ely, Itlthe c ase ofa eros ol ptlC al depth てt≦1, s olar
ze nitha ngle <72
o
. 一≦o.43 2. e rror ofthepara m eterlZedradianceis ge n erallylesstha n6 %. T her e ar e3 9440
s ets of co mparativ e radia nc edata forfiv e aerosol m odels a nd tw o valu es of su rfa ce r efl ctance, a nd
standard deviatio n of thetotal3 9 ヰヰOpar am eterizedr adianceis4.2%.
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